Takotsubo syndrome, also called apical ballooning syndrome, is a clinical entity characterized by transient hypokinesis, akinesis, or dyskinesis of the left ventricular mid and apical segments without flow limiting obstructive coronary lesions. There have been many reported morphologic variants of apical ballooning syndrome based upon distribution of segment involvement including traditional apical, midventricular, and basilar. We present a patient who demonstrated sequential transition of mid-basilar type to classical apical ballooning type. <Learning objective: Takotsubo syndrome mimics acute coronary syndrome and is accompanied by reversible left ventricular apical ballooning in the absence of angiographically significant coronary artery stenosis. Many morphological presentations can present, hence increased awareness may help practitioners identify and properly treat this condition. This is the first reported case of a sequential transition between variants.> Published by Elsevier Ltd. on behalf of Japanese College of Cardiology.
Introduction
A rare left ventricular (LV) apical wall motion abnormality was first described by Sato et al. [1] , who later named this new condition as "Takotsubo"-shaped cardiomyopathy because the LV shape on angiogram resembled the shape of a tako-tsubo or a Japanese octopus pot. Takotsubo syndrome, also known as transient LV apical ballooning syndrome, stress-induced cardiomyopathy, broken heart syndrome, or ampulla cardiomyopathy [2] is now a wellrecognized entity. Often, presentation of this condition mimics acute coronary syndrome with akinesia of the apical, basal, and/or mid portions of the left ventricle without significant coronary artery stenosis. There have been many reported morphologic variants of Takotsubo syndrome based upon distribution of segment involvement including traditional apical, midventricular, and basilar. We present the first reported case of a patient with sequential transition of a mid-basilar type to traditional apical ballooning type during the same admission without complete recovery in between.
Case presentation
A 39-year-old Caucasian female patient with a history of depression, and alcohol and drug abuse was admitted on August 9th 2005 to Saint Mary's Hospital in Rochester, Minnesota for dyspnea for approximately 12 h. Twelve weeks prior to the Emergency Department (ED) visit, the patient underwent a cesarean section without any complications. On current admission in the ED, a computed tomography scan of the chest revealed no pulmonary embolism, but showed a focal consolidation in the superior segment of the left lower lobe with lesser infiltrates in the remainder of the left lower lobe consistent with pneumonitis. An initial electrocardiogram (ECG) was performed showing sinus tachycardia and non-specific ST abnormalities ( Fig. 1 ). Initial cardiac biomarkers revealed a troponin-I of 0.25 g/L and brain natriuretic peptide of 355 pg/ml. White blood count (WBC) was 25.2 × 10 3 /l, while erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) were 16 mm/h and 0.9 mg/L respectively. Vital signs on exam revealed tachycardia at a rate of 115 beats per minute, blood pressure of 103/69 mmHg, respiratory rate at 24 breaths per minute, and oxygen saturation of 88% on room air. On examination, the patient appeared to be in mild respiratory distress. Physical exam was otherwise unremarkable except for decreased breath sounds on the left with crackles appreciated at the middle and lower lung fields. An albuterol nebulizer was initiated, but the patient's saturations continued to drop into the lower 70 s; therefore the patient was transferred to the medical intensive care unit (MICU). In the MICU, an initial echocardiogram performed on August 9th revealed severe hypokinesis to akinesis of the mid and basal segments of the LV with preserved contractility of the apical segments (Figs. 2 and 3). Estimated LV ejection fraction was 23%. Regional wall motion abnormalities (RWMA) illustrated mid and basal variant forms of Takotsubo syndrome. The patient continued to remain on oxygen after one week and further laboratory testing revealed a troponin-I of 0.16 g/L. An ECG at that time revealed normal sinus performed on the 16th of August revealed reversal of the RWMA, namely, complete recovery of the contractility of the basal and mid segments and severe hypokinesis of the apical segments compared to the echocardiogram a week prior. In this instance, the typical form of Takotsubo syndrome was present. The patient subsequently had a cardiac catheterization performed given ECG and imaging findings, which showed no significant luminal stenosis of greater than 50% nor evidence of vasospasm by acetylcholine provocation test. The patient clinically improved and repeat ECG on discharge showed normal sinus rhythm with some mild T-wave flattening in leads V1-V2 (Fig. 7) . The patient was sent to a skilled nursing facility on August 19th and was to be followed by her local physicians.
Discussion
Takotsubo syndrome is classically defined as symmetric severe hypokinesia or akinesia of the left ventricular wall of the mid and especially the apical segments with or without hyperdynamic function of the base. On the other hand, a "reciprocal" form of this syndrome is also present where the apex is hyperkinetic while the base is hypokinetic or akinetic. Another form of Takotsubo syndrome involving only the mid-ventricle has also been described. In this condition, the apical and basal segments are both either normokinetic or hyperkinetic. While many forms of Takotsubo syndrome exist [3] [4] [5] [6] [7] [8] [9] , the basis of the presentation, clinical features, and the transient nature of the condition in all suggests a shared pathophysiological etiology to some extent [10] . Some reports state that the abnormal wall motion normalized within 17.4 Fig. 2 . Initial echocardiograph revealing generalized severe hypokinesis to akinesis with function best preserved in the mildly hypokinetic apical segments. Regional wall motion abnormalities illustrated mid variant form of apical ballooning. days [11] . During the akinetic state, LV ejection fraction is significantly impaired from estimates anywhere between 15 and 40% with mean of 29% [12] .
While first emerging in the Japanese population, Takotsubo syndrome has now been seen in Caucasian populations throughout the USA [13] . In addition, almost 90% of reported patients are female and the majority are post-menopausal or above 50 years of age. Prognosis is generally favorable in the short-term, yet no long-term outcome studies are currently available.
Takotsubo syndrome is frequently diagnosed as an acute coronary syndrome, because cardiac biomarker levels are frequently raised, mimicking acute myocardial infarction and LV function is impaired with regional wall-motion abnormalities. Coronary angiography is required to make the diagnosis of Takotsubo syndrome. Coronary angiography usually reveals mild abnormalities that do not meet the definition of obstructive coronary lesions (>50% luminal stenosis), as was the case in our patient. Furthermore, the akinetic zones do not correspond to a perfusion territory of a single coronary artery. Interestingly, the patient did develop ECG changes suggesting possible myocardial damage, however subsequent angiogram did not show evidence of coronary disease. These ECG findings also resolved prior to discharge, proposing the possibility of non-infarction or transient Q-waves, which may be explained by her underlying hypoxia. Additionally, transient Q-waves have been reported with other instances of Takotsubo syndrome [14] . Additionally, ESR and CRP markers were also low on admission, leading less to the possibility of myocarditis.
Multiple theories about the pathophysiological mechanism of this condition are present, yet none has sufficient compelling evidence. Possible theories such as catecholamine-mediated multivessel epicardial spasm [15] , microvascular coronary spasm [16] , impaired fatty acid metabolism [17] , possible direct catecholamine-mediated myocyte injury [18] , or reduced estrogens have been advocated [19, 20] .
Cerebrovascular insults, such as subarachnoid hemorrhage, have also been implicated in causing transient RWMA [21, 22] . The proposed mechanism is once again an excess catecholamine surge, similar to Takotsubo syndrome, but differs in that these processes tend to spare the apex and involve the basal segments. Although the pathophysiology is unknown, it is hypothesized that microvascular spasms and excessive release of catecholamines from myocardial sympathetic nerves may be the potential cause [1] . A recent pooled analysis by Guglin and Novotorova [23] illustrates that neurogenic stunned myocardium and Takotsubo syndrome may be in the same spectrum of disease. Recently, Lyon et al. [24] hypothesized the cellular mechanism in which high levels of circulating epinephrine trigger a switch in intracellular signal trafficking in ventricular cardiomyocytes, from Gs protein to Gi protein signaling via the ␤2-adrenoceptor, where a negative inotropic outcome results from the intense activation of receptors. In addition, this negative inotropic effect is greatest at the apical myocardium, in which the ␤-adrenoceptor density is greatest. Our case demonstrates a unique phenomenon where in at the time of presentation, the basal and mid ventricular myocardial segments were involved with sparing of the apex and subsequently the apex was stunned with total recovery of the basal and mid ventricular segments a few days later. Chattopadhyay and John [25] reported a patient who had sustained a subarachnoid hemorrhage and initially presented with an apical ballooning pattern which, within a few hours, demonstrated recovery of the apex and involvement of the base. These two cases, as well as diverse presentations of stressinduced cardiomyopathy reported in the literature, suggest that in addition to enhanced sympathetic activity there is also "accentuated antagonism" [26] . Basal left ventricular myocardium is rich in muscarinic acetylcholine receptors and plays an important role in parasympathetic control of the heart [27] . Vagal stimulation has been shown to decrease the ventricular contractility independent of the effects on heart rate [28] . The vagal discharge at the sub cellular level increases cyclic GMP resulting in decreased contractility of the base of the left ventricle [29] .
Although a myriad of atypical LV morphological presentations of Takotsubo syndrome have been reported in the literature in the past, we have come across a novel entity in which the two most common presenting forms are present in a single patient within days demonstrates the differences in the distribution of cardiac adrenoceptors, muscarinic receptors, and their interaction and evidence of accentuated antagonism. This information may help us to better understand the pathophysiology of this mysterious condition, which may inevitably help create possible therapeutic options.
